a b s t r a c t a r t i c l e i n f o We argue that the positive association found between firm productivity and exports in the literature relates to the firm's innovation decisions. Using a panel of Spanish manufacturing firms we find strong evidence that product innovation and not process innovation affects productivity and induces small non exporting firms to enter the export market.
Introduction
Firms are born, make decisions, thrive or they die. This dynamic process of firm lifecycles generates a tremendous amount of heterogeneity among firms not only across industries, but more interestingly, also within industries (Bartelsman and Doms, 2000) .
Most of the theoretical models on industry dynamics assume that firms are born with an inherent ability, their productivity. Efficient firms survive and grow in the market, while inefficient firms, with productivity below a certain threshold, decline and fail (Jovanovic, 1982; Hopenhayn, 1992) . These models, however, assume that the productivity distribution across firms is exogenous to firms, thus relating firm survival to luck of draw. Firms with low productivity exit, while "lucky" firms with high productivity survive and continue growing. Little room is left for firm decisions.
While theoretically such heterogeneity and dynamics is difficult to handle, empirically it provides a wealth of interesting observations. Nevertheless, we know very little about the connection between individual firm decisions and their dynamic consequences. One of the basic empirical facts related to productivity is a strong positive association between productivity and exporting activity at the firm level. Most of the studies explain this pattern by self selection of more efficient firms into the export market (Clerides et al., 1998; Bernard and Jensen, 1999; Delgado et al., 2002) , confirming the sunk cost hypothesis that only those firms who are efficient enough to bear entry costs and intense competition of the export market will start exporting. This suggests that a closer examination of prior firm decisions might be needed to understand this important selection.
In this paper, we present some findings developed in full in Cassiman and Martinez Ros (2007) and Cassiman and Golovko (2009) where we take a first step towards explaining the observed productivity export link. Following Lileeva and Trefler (2007) we argue that a potential underlying mechanism for the selection of more productive firms into exporting is related to the firm's prior investment decisions. Furthermore, exporting enhances the return to such investment decisions and as such is complementary to the productivity enhancing investment decisions. In particular, we examine the effect of innovation activity, as an investment decision which has been suggested to enhance productivity.
The findings of the empirical studies show that one of the important sources of the productivity heterogeneity at the firm level is related to R&D and innovation activities (see Griliches, 1998) . Moreover, the recent productivity literature has found evidence suggesting that firm specific demand variations, rather than technical efficiency, are the dominant factor in determining firm survival and positively influence measured productivity (Foster et al., 2008) . This suggests that different innovation activities might affect productivity differentially. Product innovation should relate more to firm specific demand variations where as process innovation is expected to affect technical efficiency. As a result product innovation is expected to affect measured productivity more and, consequently, entry into exporting.
At the same time, R&D and innovation activities seem to play an important role in explaining a firm's decision to export and export volumes. Several empirical studies have linked innovation to exporting (e.g., Basile, 2001; Bernard and Jensen, 2004) . Vernon (1966) in his very influential paper on the internationalization of US business hypothesized the evolution from product innovation in the home market to exporting as the initial stage in the internationalization process. Young firms possess a new product in the early phase of the product lifecycle based on proprietary knowledge. As the domestic market is limited in the early innovation stage the firm moves to enter into the export market to exploit their market power (Hirsch and Bijaoui, 1985) . Iacovone and Javorcik (2008) and Kugler and Verhoogen (2008) show that firms' exports are higher priced which suggest that the higher quality products the good apples are being exported.
Following the product lifecycle logic we, therefore, argue that successful product innovation will induce the firm to enter the export market. A potential underlying mechanism for the selection of more productive firms into the export market is, therefore, that successful (product) innovation improves the firm's productivity, and, hence, these more productive firms select into the export market.
In this study, we are interested in evaluating the effect of innovation on the export productivity association. We will go about this in two steps. First we will relate innovation, productivity and exports at the firm level comparing productivity distributions of firms making different decisions. In a second step we take a more reduced form approach of relating innovation decisions of firms directly to their export decisions, abstracting from the intermediate productivity effect.
Empirical strategy

Data
We test our hypotheses about the relation between innovation, productivity and the export decision of firms on a large representative sample of Spanish manufacturing firms. The data come from the Spanish ESEE survey. 1 We use a panel of small and medium sized firms running from 1990 until 1998, i.e. those firms that have 200 or less employees. Our sample includes 1478 firms in 1990 and 1256 firms in 1998 from 20 distinctive industries. Due to missing values the resulting sample is an unbalanced panel with about 9300 firm year observations. This dataset provides an appropriate setting to test the relationship between exports, innovation, and productivity. First, it allows tracing the firms and their export and innovation decisions over time. Second, exporting firms constitute a large proportion in the sample and shows considerable variation over time. Third, there are very few firms (less than 0.3% of the sample) with foreign direct investment. In this way, we are able to focus on export, without confounding effects of other interna tionalization strategies. Finally, during 1990 1998 Spain has gone through the entire business cycle. In 1990 there was growth in the economy, followed by a sharp recession in 1993, and a recovery during the last years of the sample period (Shaver, 2007) . Such variance can be usefully exploited to examine the productivity dynamics during 1990 1998.
The survey contains detailed information for every year on exporting and innovation activities, reporting among other questions information on export status and on product and process innovation carried out by a firm. We define exporters as firms exporting, i.e. with positive sales outside of Spain, in the current year. For innovation activity we distinguish between innovating in product and in process, using two dummies that indicate whether a firm carried out a product or a process innovation, respectively. Furthermore, we employ a dummy variable that indicates whether a firm has performed any innovation activity (either product or process). We report the results for one year lagged innovation variables.
2 Table 1 summarizes the export and innovation status of the firms in the final sample. Approximately 43% of the SMEs are exporters, with the proportion of exporting firms increasing from 32% in 1990 to 52% in 1998. About 21% of firms in the sample report product innovation activities, ranging from 13% in 1990 to 21% in 1998. About 27% of firms have engaged in process innovation, with the proportion ranging from 12% in 1990 to 30% in 1998.
Innovation productivity exports
Innovating firms show higher productivity levels and grow faster than non innovators. At the same time, these firms are more likely to become exporters compared to non innovating firms. In the empirical setting, omitting an innovation variable from the analysis may lead to the overestimation of the productivity exports association. Thus, we 1 The data that are used in this study come from a survey (Encuesta Sobre Estrategias Empresariales, ESEE) of Spanish manufacturing firms started in 1990 with data collected annually. The project was conducted by the Fundación Empresa Pública with financial support of the Spanish Ministry of Science and Technology. The sample includes the population of Spanish manufacturing firms with 200 or more employees. It also contains a stratified sample of small firms comprising 4% of the population of small firms with more than 10 and less than 200 employees. Previous research has used the same dataset as it is representative for the Spanish manufacturing industry over this period (Delgado et al., 2002; Campa, 2004; Huergo and Jaumandreu, 2004; Salomon and Shaver, 2005 ; among others).
2 As innovation does show some persistence we did experiment with various lag specifications. Our basic result is robust to these alternative specifications. The ESEE survey uses the following definition of product innovation: whether a firm obtained product innovation in a given year -new products, or products with new features that are different from those that a firm produced in the previous years. Process innovation is defined as an important modification in the production process, such as introduction of new machinery, introduction of new methods of production organization, or both. , 1991-1998. 1990 1991 1992 1993 1994 1995 1996 1997 1998 expect the correlation between exports and productivity to weaken once we take innovation status of a firm into account. That is, we expect to observe less variation in productivity between exporters and non exporters for the firms that were innovation active. To test the proposed relationship between innovation, exports and productivity, we apply a recently developed methodology that allows testing for the differences in distributions. This methodology employs a Kolmogorov Smirnov equality of distributions test, used recently in Delgado et al. (2002) . 3 We compare the productivity distributions of different samples of firms, e.g. exporters and non exporters. If the productivity distributions of exporters stochastically dominate the productivity distributions of non exporters this implies that exporters tend to be more productive than non exporters.
As export and innovation decisions involve a lot of uncertainty, such a methodology provides an interesting window on the stochastic nature of the outcomes. Rather than worry about what happens to the average of a population of firms when making a particular investment as is the case of the classical regression analysis, we want to learn something about the stochastic outcome of these decisions and their overall distribution. Moreover, distribution comparison does not make any specific assumption about the form of the interdependence between productivity, innovation, and exports, unlike regression analysis.
We start by reproducing the positive association between productivity and export status for our sample, by testing the difference in productivity between exporting and non exporting firms. We proceed by comparing the productivity levels of innovating versus non innovating firms in order to show that innovation activity correlates with future firm productivity. Finally, we test for the differences in productivity of exporters and non exporters accounting for firm innovation status in the previous time periods.
To test the differences in the productivity distributions, we employ a Kolmogorov Smirnov equality of distributions test, used recently in Delgado et al. (2002) , see Cassiman and Golovko (2009) .
Total factor productivity (TFP) our productivity measure is constructed as an index of TFP using a multilateral index developed by Caves et al. (1982) and extended by Good et al. (1997) . 4 The main advantage of this productivity measure is that the parameters of the production function need not be estimated to compute productivity (Delgado et al., 2002) . The index is computed as each firm's output and input deviations from a reference firm. The reference firm is a hypothetical average firm that varies across industries. That is, each firm's output, inputs and productivity for each year are measured relative to this hypothetical firm in the same industry. Firms with positive (negative) residuals are relatively more (less) productive. 3 The methodology is based on the concept of first-order stochastic dominance. In order to show that one distribution stochastically dominates the other, we have to demonstrate that: 1) the null hypothesis for the two-sided test for the equality of distributions is rejected (i.e. the distributions are significantly different) and 2) the null hypothesis for one-sided test for the equality of distributions cannot be rejected (i.e. one distribution is to the right of the other).
(2002). The TFP index compares productivity levels across firms in a given year and across different years, thus it is well suited for firm-level panel data and for the distribution comparison methodology. Moreover, the TFP index has an advantage of being a non-parametric approximation to a general production function.
5 Our productivity measure is subject to usual criticism on productivity metrics related to the availability of the data, e.g. using a revenue-based output measure. However, despite these concerns, research finds little sensitivity of the results related to the specific productivity measurement choice (Van Biesebroeck, 2007; Syverson, 2010) .
The distribution of performers (exporters or innovators) lies to the right of the distribution of non performers, which suggests first order stochastic dominance. The exception is the process innovation case (Fig. 2) , for which TFP level distributions of innovating and non innovating firms seem to coincide, which suggests that there are no significant differences in productivity between firms with process innovation and firms with no innovation.
6 Fig. 3 compares the productivity distributions of exporters and non exporters in the groups of innovators and non innovators for different types of innovation. For the non innovating firms, the TFP distribution of exporters is clearly to the right of that of non exporters, which points towards stochastic dominance. In the group of innovating firms the TFP level distributions seem to be closer to each other, especially for the product innovation case. Overall, the visual comparison of the TFP level distributions shows that the productivity distribution of exporters dominates that of non exporters. For innovating firms, however, the difference is less pronounced for the product innovation case, suggesting the existence of a moderating effect of (product) innovation activity on the productivity and export relation. The distribution comparison tests (Kolmogorov Smirnov tests) confirm that these differences in the case of product innovators are actually not significant (see Cassiman and Golovko, 2009) . This is suggestive of the fact that the relation between productivity and exports runs through product innovation as firms with a product innovation become more productive.
Innovation and export decision
Next, we take a reduced form approach to this issue in trying to relate the export market entry decision of the firm to other prior firm level decisions and outcomes, in particular innovation decisions. In this context the export no export dichotomy allows us to observe the firms that do not export, unlike the new firm entering a market for which often times no prior information is available.
Turning to the link between innovation and exports a key variable to control for is past export behavior. As shown by Roberts and Tybout (1997) the past export status of the firm is a key explanatory variable capturing the sunk cost effect of previous investments in exporting. Table 2 shows the transition probabilities for the different states of past to present export status. More than 90% of the firms remain in the same state: exporters continue to export and non exporters continue as non exporters. About 8.8% of non exporters become exporters. We want to understand what affects this transition from non exporter to exporter (and vice versa) and conjecture that (product) innovation 6 This result needs careful interpretation. Process innovation usually involves changes in the production process aimed at improving production efficiency, thus presumably having a direct effect on the firm's productivity. We do not observe such an effect in our data. The possible explanation could be that very often process innovation is incorporated in the capital investment, as suggested by Crespi et al. (2006) : process innovation "is a combination of advanced capital investment and process organizational change." As we already control for capital investment in our productivity measure (TFP), we should not expect a significant effect of process innovation on productivity measured as total factor productivity. might jump start firms into exporting. Table 3 examines the effect of product and process innovation on the transition probability from non exporter to exporter. In our sample 13.1% of product innovators make the transition, while 11% of the process innovators switch from non exporting to exporting. This implies that product innovation improves the probability of an average firm entering in the export market from 8.8% to 13.1%, i.e. an increase in the likelihood of entering the export market by 49% ((13 − 8) / 8). Interestingly product innovation also seems to affect the reverse direction from exporter to non exporter. Exporters that have a product innovation are less likely to regress towards being a non exporter. These descriptive statistics suggest that innovation in particular product innovation affects the decision to start exporting. Cassiman and Martinez Ros (2007) try to carefully corroborate these findings controlling for other elements and the endogeneity of innovation and find a very strong effect of product innovation on the decision to export, but no effect of process innovation on the same decision.
Conclusion
We find strong evidence that product innovation and not process innovation induces small non exporting firms to enter the export market. Such finding has important policy implications for the relative importance of export promotion policies versus innovation promo tion policies to simulate productivity growth in the economy. Clearly, the fact that the more productive firms select into the export market already invalidated many arguments in favour of export promotion activities. Nevertheless, as the firm decisions driving these produc tivity effects were not explicated, alternative policies were not advanced. Our results suggest that a stronger focus on innovation should provide a more productive investment for policy makers. Table 3 Transition probabilities conditional on product or process innovations.
